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To comply to the tight emittance budget of the SPS in
the injector chain of LHC, the following
instrumentation strategy is being implemented:
1. precision measurement of beam emittance
delivered by PS in TT10
2. check of the betatron matching of SPS to PS to
minimise the emittance blow-up through
filamentation in the SPS
3. measurement in “real time” of the beam profiles in
the SPS along the acceleration cycle
4. scraping of the low density beam tails before
extraction towards LHC if needed.
5. 
Steps similar to the first three will be repeated for the
transfer from SPS to LHC, with instruments similar to
those developed for SPS.
1. Beam profile monitoring in TT10
Optical Transition Radiation (OTR) screens observed
with cameras are replacing SEM-Grids for these
measurements [1]. They have a certain number of
advantages over SEM-Gs. They give directly a two-
dimensional information with a high resolution,
typically 384 x 288 points or pixels, and this resolution
is adjustable for the best match to the beam conditions.
They have a high enough temporal resolution to deliver
bunch-to-bunch information, a high dynamic range
which is mainly limited by the detection system, and
put less material in the beam path. The only limitation
is at the low injection energy of  26 GeV where the
OTR pattern is large and where some information from
the beam tails can be lost.
Slow (50Hz) high resolution monitoring is used with
four screens in TT10 for global emittance measurement
over a beam pulse: Fig. 1.
A special set-up is used on a fourth screen to improve
the information of the beam tails and to perform
prototyping work in preparation for the LHC transfer
lines TI 2 and TI 8.
A fast profile monitor [2] has been implemented on a
fifth screen. In this case, the screen is imaged on a
multi-anode Photo Multiplier Tube (PMT). The spatial
sampling is then similar to that of a SEM-G. Each of
the sixteen anodes is acquired separately at a rate up to
40 MHz, and able to follow individual bunches in a
batch. From the information acquired, the beam size
but also a relative information of beam position and
intensity can be obtained. This set-up has been used in
1998 and helped to observe  a peculiar behaviour of the
first bunch of the batches, which could be brought back
to normal by PS by adjusting the extraction : Fig. 2.
Fig.1:  Schematic view of an OTR profile monitor and example of a measured beam density distribution in TT10.






Fig.2: Horizontal Beam Sizes, relative Positions and Intensities of the 16 bunches in a batch before and after PS
extraction changes.
In total seven OTR screens are installed in TT10 and
are considered as sufficient for the needs of the SPS.
For the 1999 run, the optics of the three emittance
monitors will be changed to improve the information
on the beam tails. A remotely controlled rotation of the
multi-anode PMT will be implemented in order to
measure Horizontal and Vertical beam profiles on
successive pulses.
2. SPS Betatron Matching Monitor
When a beam is matched, its size remains constant
over many turns. If a beam is mismatched, its
transverse beam size will oscillate at twice the betatron
frequency, before blowing up through filamentation.
The Matching Monitor has been designed to measure
this oscillation [3]. It is based on a thin 12 Pm
Titanium OTR screen located in LSS4 of the SPS,
through which the injected beam passes for 130
revolutions before being dumped, in a set-up similar to
Fig. 1. The major difference is that the beam light is
sampled by a pulsed intensifier and read by a CCD
working in a special mode to acquire successive turns
of the beam. The acquisition repetition rate is presently
limited by the performance of the intensifier to an
interval greater than five SPS revolutions. A full
profile history over typically 64 revolutions is
reconstructed with successive injected pulses, with the
assumption that the whole process from PS to SPS is
stable over this laps of time, typically three minutes. It
was found during the last SPS MD in 1998 that this
assumption is valid in the vertical plane, but may not
be true in the horizontal plane. During this test a
modulation of 3% in the vertical plane and 12% in the
horizontal plane were measured and confirmed the
ability of the monitor to detect mismatches leading to a
filamentation blow-up of less than 1%.
During the same MD, the matching optics were
changed [4] and the resulting beam size oscillations
detected by the monitor. From these results it seems
that a control loop can be closed with the monitor for
Fig. 3: Vertical Beam Size oscillations measured in LSS4 and evolution of the beam size modulation when the matching
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achieving an optimum matching. It is planned to test
this facility during the 1999 run.
The monitor is almost ready also for use in LHC.
3. Profile measurements during the SPS
cycle.
The reference monitor for emittance remains the Wire
Scanner, but it is beam disturbing and has a long
“dead-time” between measurements.
For that reason high repetition and non intercepting
profile monitors have been investigated.
The Synchrotron Radiation monitors can be used above
270 GeV as is known from the pp- period.
To bridge the gap between injection and 270 GeV new
monitors are investigated. They are the Ionisation
Profile Monitors, of which a DESY monitor has been
available since 1997, and the Luminescence Monitor
which was first tested in 1998. For completeness, two
monitors tested in the SPS for future use in LHC are
mentioned: an Ion Beam scanner [4] and an Ion
spectrometer [5].
3.1 Ionisation Profile Monitor
This type of monitor is quite popular in high energy
hadron accelerators. A monitor from DESY was
installed in 1997 in LSS4 of the SPS. This type of
monitor makes use of the ionisation of the rest gas. In
general these monitors use the ions which are
accelerated by an electrostatic field to a Multi Channel
Plate (MCP) intensifier where electrons are created and
accelerated onto a phosphor screen observed with a
camera. All these monitors suffer from the beam space
charge which limits the precision of the instruments,
introducing corrections up to typical values of 100% of
the measurement. Measurements were made in 1997,
an example of which is given Fig. 4, together with a
sketch of the monitor. The screen of the monitor was
damaged in 1998. In 1999, a modified POD magnet
will be installed around the monitor to provide
magnetic focusing to the electrons generated, which
will be used instead of the ions, to check if the
resolution can be improved [7]. Tests should also be
performed to decrease the integration time which is
typically equal to 20 ms.
Fig. 4: Sketch of the rest gas Ionisation Profile Monitor and profile history for one SPS cycle: injection takes place at
right, followed by acceleration, first fast, then slow and last second fast extractions.
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3.2 Luminescence Profile Monitor
This type of monitor makes use of the excitation of gas
molecules by the beam to generate light. To our
knowledge, this type of monitor has only been used in
the past for profile measurements in low energy hadron
accelerators, but never at high energies. Several species
of gas can be considered. Nitrogen is a good candidate,
because it emits close to the lower limit of the visible
spectrum, within the sensitivity region of normal
intensifiers. The other advantages of Nitrogen are that
it is easily pumped by the vacuum system and that it
has been well studied for many years in the context of
the aurorae borealis.
As the information is transported by photons, it is not
deteriorated by the beam space charge as in the
previous monitor. Preliminary tests were performed in
1998 [8] by using a standard “quatro” vacuum vessel
installed by the SL team in LSS4 for the test of the Ion
Beam Scanner monitor under development in the PS
for LHC. One of the ports was fitted with a window
and another with a leak valve to introduce the gas
under study in a controlled way in the vacuum tank.
The sketch of the monitor and a measurement result are
given in Fig. 5.
The first tests were made with Nitrogen pressures
between 10-5 and 10-6 T, which were felt to be too high.
Between the proton and the Pb ion run, the set-up was
modified to improve the sensitivity, i.e. decrease the
pressure for a given Signal-to-Noise ratio. Tests could
be performed with Pb ions at pressures equivalent to
3 x 10-7 to 3 x 10-8 T for proton beams of 2 1013
particles. These values will result in an increase of the
average pressure in the SPS of less than 5%, which is
acceptable.
In 1999, a dedicated monitor will be installed in LSS4
with the aim to further improve the sensitivity, i.e.
decrease the pressure or the integration time, which
was equal to the usual 20 ms in the 1998 tests.
Fig. 5: Sketch of the test Luminescence monitor and profile history for one SPS proton cycle: injection takes place at
right, followed by acceleration, first fast, then slow and finally second fast extractions.
4. Emittance control before extraction
towards LHC by scraping
Before the beams are extracted towards LHC, it may be
necessary to scrape the low density tails. To test the
feasibility of such a scheme, a test scraper set-up is
being installed for the 1999 run in LSS5. The set-up
comprises of:
-     a Horizontal and a Vertical scraper (modified ISR
GP scrapers)
-     two sets of horizontal and vertical collimators (SPS
TACs and LEP BRCZs) located as close as
possible to 90° and 180° from the scraper to
restrict the beam
- losses to well defined areas which will be impor-
        tant for normal running in the LHC era
- a dynamic beam position control at 450 GeV, the
“ROSY” project [9], important for the
reproducibility of the scraping action
- instrumentation to monitor the losses and the beam
profiles after scraping.
Given in Fig. 6 are a sketch of the horizontal scraping
action together with a phase-space diagram detailing
this action.
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Fig.6: Sketch of the Horizontal scraping action and phase-space diagram of the scraper system in LSS5.
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